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Abstract
In this paper we present a computational study of linear optical absorption in phenacene
class of polyaromatic hydrocarbons. For the purpose, we have employed a correlated-electron
methodology based upon configuration-interaction (CI) approach, and the Pariser-Parr-
Pople (PPP) pi-electron model Hamiltonian. The molecules studied range from the smallest
one with three phenyl rings (phenanthrene), to the largest one with nine phenyl rings. These
structures can also be seen as finite-sized hydrogen-passivated armchair graphene nanorib-
bons of increasing lengths. Our CI calculations reveal that the electron-correlation effects
have a profound influence not just on the peak locations, but also on the relative inten-
sity profile of the computed spectra. We also compare our phenacene results with isomeric
oligo-acenes, and find that in all the cases former have a wider optical gap than the latter.
Available experiments based upon optical absorption and electron-energy-loss-spectroscopy
(EELS) are in very good agreement with our results.
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I. INTRODUCTION
Over last several decades, polycyclic aromatic hydrocarbons (PAHs) have been studied
extensively using theoretical and experimental methods, because of their importance in sev-
eral fields such as physics, chemistry, environmental science, astrophysics and biology.1–4
PAHs, with a planar structure, are pi−conjugated systems, known for strong response to
external fields, thus with potentially numerous device applications.5,6 Oligoacenes, partic-
ularly tetracene and pentacene are among the most studied PAHs because of their possible
applications in the field of optoelectronic devices, particularly light-emitting diodes, and pho-
tovoltaic cells.7,8 Phenacene oligomers, which are nothing but the isomers of oligo-acenes of
the same length, have also been found to be very useful in the field of the device application,
particularly in fabrication of organic field-effect transistors (FETs).5,9–14 Furthermore, it was
reported that one of the phenacene oligomers, namely picene, exhibits high-temperature su-
perconducting behavior when doped by alkali metals.15 Phenacenes are similar to oligoacenes
in that both are composed of fused benzene rings, while differing from each other in the way
the fused rings are arranged. In oligoacenes, the fused rings are arranged in a straight man-
ner leading to D2h symmetry, while in phenacenes, they are arranged in a zigzag manner
resulting in the point group is C2h if the number of rings is even, and C2v for odd number
of rings. A phenacene oligomer with n fused rings is called [n]phenacene, and it is obvious
that the minimum possible value for n = 3. For 3 ≤ n ≤ 6, phenacene oligomers are named
phenanthrene (n = 3), chrysene (n = 4), picene (n = 5), and fulminene (n = 6), while for
n > 6, they are referred as [n]phenacene.
Motivated by potential device applications of phenacenes, in this work we undertake a
systematic computational study of their electronic structure, low-lying excited states, and
linear optical response. Such a study is necessary not just for understanding the optical prop-
erties of individual oligomers, but also for obtaining insights into the transport properties of
these materials in the crystalline phase, which consists of nothing but individual molecules
held together by van-der-Waals binding. Given the fact that the phenancenes are pi-electron
systems, we have employed our Pariser-Parr-Pople model based electron-correlated method-
ology for this study16. The oligomers studied in this work range from phenanthrene to
[9]phenacene, and our results are found to be in excellent agreement with the experimental
measurements, wherever available. Because [n]phenacene is isomeric with acene-n, we also
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compare present results with the ones obtained for polyacenes in an earlier work from our
group,17 with the aim of understanding the role of geometry on the optical properties of
these materials. We find that for each value of n considered in this work, optical absorption
of spectra of two classes of materials are qualitatively different, and that the optical gap
of [n]phenacene is significantly larger than that of acene-n. This suggests that the opti-
cal absorption spectroscopy can be used to distinguish between isomeric phenancenes and
acenes.
The remainder of the paper is structured as follows. In Section II we present schematic
diagrams of phenacenes, and discuss their point group symmetries, and related consequences.
This is followed in Section III by a brief discussion of the theoretical methodology adopted
in this work. Next, in Section IV we present and discuss the results of our calculations,
followed by conclusions and outlook in Section V.
II. MOLECULAR STRUCTURE AND POINT GROUP SYMMETRY
In Fig. 1, we present the schematic diagrams of [n]phenacenes considered in this work,
along with their point group symmetries. We take the conjugation direction (long axis) to
be x axis, and the perpendicular direction (short axis) to be y axis, so that all oligomers
lie in the x − y plane, with a uniform C-C bond length of 1.4 Å, and all the edge carbon
atoms are assumed to be passivated by hydrogen atoms. [n]phenacene, just like acene-n, has
4n+ 2 carbon atoms, as also the same number of pi−electrons. The point group symmetry
of phenanthrene (14 carbon atoms), picene (22 carbon atoms), [7]phenacene (30 carbon
atoms), and [9]phenacene (38 carbon atoms) is C2v, with 11A1 being the ground state. On
the other hand, the point group symmetry of chrysene (18 carbon atoms) fulminene (26
carbon atoms) and [8]phenacene (34 carbon atoms) is C2h, with 11Ag being the ground
state. As per electric-dipole selection rules, the symmetries of the one-photon excited states
are 1A1 (y polarized) and 1B1 (x polarized) for C2v molecules, and 1Bu (xy−polarized) for
C2h molecules.
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(a) Phenanthrene-(C2v) (b) Chrysene-(C2h) (c) Picene-(C2v)
(d) Fulminene-(C2h) (e) [7]Phenacene-(C2v)
(f) [8]Phenacene-(C2h) (g) [9]Phenacene-(C2v)
Figure 1: Schematic diagrams of phenacenes, along with their point-group symmetries.
III. THEORETICAL METHODOLOGY
As described in the previous section, the molecules considered here are pi-conjugated sys-
tems, and, therefore, in this work we adopt Pariser-Parr-Pople (PPP) model Hamiltonian,18,19
reviewed in our earlier work16
H=−∑i,j,σ tij (c†iσcjσ + c†jσciσ)+U∑i ni↑ni↓
+
∑
i<j Vij(ni − 1)(nj − 1), (1)
where c†iσ(ciσ) denotes creation (annihilation) operators corresponding to an electron of
spin σ in a pz orbital, located on the i-th carbon atom, while the total number of electrons
on the atom is indicated by the number operator ni =
∑
σ c
†
iσciσ. In Eq. 1, the first term
denotes the one-electron hoppings connecting i-th and j-th atoms, quantified by matrix
4
elements tij. It is assumed that the hopping connects only the nearest-neighbor carbon
atoms, with the matrix element t0 = 2.4 eV, consistent with our earlier calculations on con-
jugated polymers,17,20–25 polyaromatic hydrocarbons,26,27 and graphene quantum dots.28,29
The remaining two terms in Eq. 1 represent the electron-electron repulsion terms, with
the parameters U , and Vij, denoting the on-site, and the long-range Coulomb interactions,
respectively. The distance-dependent Coulomb parameters Vij are computed according to
the Ohno relationship30
Vij = U/κi,j(1 + 0.6117R
2
i,j)
1/2, (2)
where κi,j is the dielectric constant of the system, included to take into account the
screening effects, and Ri,j is the distance (in Å) between the ith and jth carbon atoms.
In the present set of calculations we have used two sets of Coulomb parameters: (a) the
“screened parameters”31 with U = 8.0 eV, κi,j = 2.0(i 6= j), and κi,i = 1.0, and (b) the
“standard parameters” with U = 11.13 eV and κi,j = 1.0.
The calculations are initiated by performing restricted Hartree-Fock (RHF) calculations
for the closed-shell singlet ground states of phenacenes considered here, using a computer
program developed in our group.32 The molecular orbitals (MOs) obtained from the RHF
calculations form a single-particle basis set used to transform the PPP Hamiltonian from the
site representation, to the MO representation. Subsequently, correlated-electron calculations
using the configuration interaction (CI) approach are performed. The level of the CI cal-
culations is decided by the size of the molecule under consideration. For smaller molecules,
one can use full-CI (FCI) or quadruple-CI (QCI) approaches, however, for the larger sys-
tems only the multi-reference singles-doubles configuration interaction (MRSDCI) approach
is tractable. In the MRSDCI calculatisons, the CI expansion is generated by exciting up
to two electrons, from a chosen list of reference configurations, to the unoccupied MOs.33,34
The reference configurations included in the MRSDCI method depend upon the states in
consideration, which can be the ground state, or optically excited states.17,20–25,28
Once the many-body wave functions and the energies of the ground and the excited states
are obtained from the CI calculations, we compute the optical absorption cross-section σ(ω),
according to the formula
σ(ω) = 4piα
∑
i
ωi0|〈i|eˆ.r|0〉|2γ2
(ωi0 − ω)2 + γ2 . (3)
5
In the equation above, eˆ represents the polarization direction of the incident light, ω denotes
its frequency, r is the electronic position operator, indices 0 and i represent, respectively, the
ground and excited states, ωi0 is the frequency difference between those states, α denotes
the fine structure constant, and γ is the assumed universal line width. The summation over
i, in principle, is an infinite sum, which, in practice, is restricted to those dipole-connected
excited states, whose excitation energies are within a certain cutoff, taken to be 10 eV in
these calculations.
IV. RESULTS AND DISCUSSIONS
In this section we present the calculated linear optical absorption spectra and optical gaps
of [n]phenacenes, and compare our results with the experiments, wherever available. Our
calculations were performed using both the tight-binding (TB) model, as well as PPP model
using the CI approach, and we find that our PPP-CI results are in much better agreement
with experiments.
A. Tight-Binding Model Results
Because the tight-binding (TB) model is an independent electron approach, therefore,
results obtained using it will help us understand the influence of electron correlation effects,
when compared with the results computed using the PPP-model. We first present and
discuss the optical absorption spectra obtained using the TB-model, followed by a discussion
of the optical gaps.
1. Linear Optical absorption spectra
In Fig. 2, we present the optical absorption spectra of [n]phenacenes obtained using
the TB method. An examination of the spectra reveals the following trends: (a) With the
increasing lengths of the oligomers, absorption spectra are red shifted, consistent with the
phenomenon of the quantum confinement effect. (b) The first peak for all the oligomers
corresponds to the excitation of an electron from HOMO (H) to LUMO (L). It corre-
sponds to transition to 11B1 state via absorption of a photon polarized along the length
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(x-direction) of the C2v symmetric oligomers. For C2h symmetry, the first peak is due to
11Bu state, reached via absorption of an xy−polarized photon, with the x−component much
stronger than the y−component. (c) The maximum intensity peak is the first peak for all
the oligomers, except for chrysene for which the second peak is the most intense one, and it is
due to |H → L+ 1〉+c.c. excitation, where c.c. denotes the corresponding charge-conjugated
configuration.
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Figure 2: Optical absorption spectra of [n]phenacenes (n = 3− 9), computed using the TB
model. The spectra have been broadened using a uniform line-width of 0.1 eV.
2. Optical Gap
The locations of the first absorption peaks of [n]phenancenes, i.e. their optical gaps,
computed using various approaches are presented in Table I, where they are also compared
to the experimental results. The following conclusions can be drawn from this table: (a)
Independent of the Hamiltonian, gaps decrease with the increasing length of [n]phenacene,
(b) the gaps obtained for [n]phenacenes using the TB method are much smaller compared
to the corresponding experimental, as well as PPP-CI values, (c) the gaps obtained using
the PPP-CI method, employing screened parameters, are in very good agreement with the
experimental values.
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Table I: Locations of the first absorption peaks for increasing length of [n]phenacenes, ob-
tained using the TB and the PPP-CI approaches. For the PPP-CI calculations, both the
screened (Scr.) and the standard (Std.) parameters are employed.
System
Optical gap (eV)
TB Model
PPP-CI
Experimental Theory (other authors)
Scr. Std.
Phenanthrene 2.90 4.31 4.26
4.0935, 4.1712, 3.9136, 4.1937,
4.241, 4.2438, 4.3136, 4.3436,
4.2539, 4.3640, 4.3641, 4.5342,
4.6043, 4.6737,
Chrysene 2.49 3.86 3.96
3.7435, 3.8412, 3.4036, 3.4342,
3.8744, 3.891, 3.7337, 3.8236,
3.8938,45, 3.9046, 3.9236,
4.1341, 4.2137,
4.2243
Picene 2.40 3.75 3.88
3.7612,45, 3.771, 3.3236, 3.7037,
3.8038, 3.8247, 3.7236, 3.8336,
4.1343, 4.1937,
Fulminene 2.26 3.34 3.52
3.145, 3.2412,
3.4737, 437,
3.7645,
[7]Phenacene 2.19 3.34 3.68 3.105, 3.6045, 3.5037, 437,
[8]Phenacene 2.13 3.11 3.41 3.085 —
[9]Phenacene 2.08 3.09 3.46 3.0511, —
B. PPP Model Based Optical absorption Spectra
In this section we present the results of our calculations of optical absorption spectra
of [n]phenacenes, performed using the PPP-CI approach. Before we discuss our results, we
present the dimensions of the CI matrices involved in the calculations, for various irreducible
representations of phenancenes.
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1. Dimensions of the CI matrices
Most accurate results within the CI approach are obtained when the full-CI (FCI) cal-
culations are performed, which involves distributing all electrons, in all available molecule
orbitals, in all possible ways, consistent with the symmetries. Therefore, the size of the FCI
matrix increases exponentially with the increasing size of the molecule involved, making it
feasible only for small molecules. Thus, in this work we were able to perform FCI calcula-
tions only on the smallest oligomer, namely phenanthrene. For chrysene and picene we were
able to perform QCI calculations. For remaning oligomers, because of their larger sizes, we
employed the MRSDCI approach. Even within the truncated CI approaches such as the
QCI and the MRSDCI methods, larger-sized CI expansions normally lead to more accurate
results. Therefore, in the section, to illustrate the accuracy of our calculations, we present
the dimensions of the MRSDCI matrices in Table II.
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Table II: Dimension of CI matrices (Ntotal) involved in the calculations of the optical ab-
sorption spectra, for different symmetry subspaces of [n]phenacenes.
Molecules
Ntotal
1A1
1B1
1Ag
1Bu
Phenanthrene 1244504a 1239406a - -
Chrysene - - 386498b 670593b
Picene 2003907b 3416371b - -
Fulminene
- - 7877992b 1053746c
- - 7877992b 1300041d
[7]Phenacene
2303318c 5720562c - -
3043013d 2645512d - -
[8]Phenacene
377903c 3300974c
628766b 5223159d
[9]Phenacene
2617790c 3056846c
4672916d 5876058d
FCIa method with screened and standard parameters. QCIb method with
screened and standard parameters. MRSDCIc method with screened
parameters. MRSDCId method with standard parameters.
It is obvious from the table that in various calculations Ntotal ranges from 3.6 × 105 to
7.8 × 106. This implies that our calculations employ large CI expansions, and, therefore,
should be fairly accurate, yielding reliable results.
2. Optical absorption spectra
First we discuss the general trends observed in the optical absorption spectra of [n]phenacenes
calculated using the PPP-model, and the MRSDCI approach, presented in Fig. 3.
Detailed information related to peaks contributing to the spectra, such as the many-
particle wave functions, energies, and transition dipole moment etc. are presented in Tables
S1-S14 of Supporting Information. By carefully examining the optical absorption spectra
(Fig. 3), we observed the following trends: (a) Similar to the case of TB model, with the
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Figure 3: Calculated optical absorption spectra of [n]phenacenes, using the PPP-CI
method, by employing screened, as well as standard parameters. The spectra have been
broadened with a uniform line-width of 0.1 eV.
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increasing length of [n]phenacene, spectra is red-shifted for the screened parameter calcula-
tions. For the standard parameters, again the spectra are red-shifted, except for the case
of [7]phenacene. (b) the lowest energy absorption in [n]phenacenes corresponds to a dipole
forbidden state of symmetry 1A1 for C2v molecules, and 1Bu for C2h molecules. The wave
functions of the corresponding state is dominated by single excitations |H → L+ 1〉+c.c.
for oligomers up to [7]phenacene, and |H → L+ 2〉+c.c., for longer oligomers. (c) In all the
calculations, the first dipole-allowed peak corresponding to the optical gap is not the most
intense one of the spectrum, in contradiction with the TB model results, and in agreement
with the experiments. In the screened parameter calculations, the relative intensity of the
first peak, as compared to the most intense peak, is much larger than that in the standard
parameter calculations. In agreement with the results of TB model, the first peak for the C2v
symmetric molecules corresponds to 11B1 state, and for C2h symmetric molecules to 11Bu
state, and in all the cases the dominating configuration in the many-particle wave function
of this state is |H → L〉, single excitation. (d) The maximum intensity peak occurs at higher
energies, and the wave functions of the two excited states contributing to it are dominated
by single excitations: (i) |H − 1→ L+1〉 or |H − 2→ L+2〉, and (ii) |H → L+ 1〉+c.c. or
|H → L+ 2〉+c.c., which are the same excitations which contribute to the D.F. state. Next
we discuss the optical absorption spectra of the individual phenacenes in detail.
Phenanthrene
Phenanthrene has C2v symmetry, and Klevens et al.35, Okamoto et al.12, Clar et al.1,
Salama et al.39 and Halasinski et al.40 have reported the measurements of its absorption
spectrum. In Fig. 3 (a) and (b), we present our calculated spectra using the screened
and standard parameters, respectively, within the PPP-CI approach, and in Table III, we
have compared our results on the locations of various peaks with the experiments, and
other theoretical results. Several experimentalist have measured the first absorption peak
in phenanthrene to be a very weak one, due to a dipole forbidden (D.F.) state1,12,35,39. In
particular Klevens et al.35, Okomoto et al.12, Clar et al.1 and Salama et al.39 measured its
locations at 3.50 eV, 3.57 eV, 3.59 eV and 3.61 eV, respectively. Our standard parameter value
of the D.F. state at 3.35 eV is closer to the experimental values than the screened parameter
value computed to be 2.96 eV. Both our screened and standard parameter calculations
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predict this D.F. state to be of 1A1 symmetry, in agreement with the work of Skancke41.
Our PPP-CI calculations predict that the first dipole allowed state is not the most intense
one, in contradiction with the TB results. We would like to point out that this PPP-CI result
is in perfect agreement with the experimental measurement of Klevens et al.35, Okamoto et
al.12 and Clar et al.1. The location of the first dipole allowed peak, which is also the optical
gap, was calculated to be 4.31 eV with screened parameters, and 4.26 eV with standard
parameters. These values are in good agreement with the experimental values which are
measured in the range 4.09–4.36 eV (see Table III). In particular, our results are in excellent
agreement with the values 4.24 eV, 4.25 eV, and 4.36 eV, reported by Clar et al.1, Salama
et al.39, and Halasinski et al.40, respectively.
As far as higher energy peaks are concerned, our screened parameter spectra has a peak
at 4.62 eV which is in excellent agreement with the reported value 4.64 eV by Halasinski
et al.40. The next peak is the most intense (MI) peak in our calculated spectrum for both
screened as well as standard parameter calculations, and it is located at 4.93 eV and 5.19
eV, respectively. Clar et al.1 experimentally measured the most intense peak at 4.93 eV
which exactly matches with our screened parameter value. The reported value of MI peak
by Klevens et al.35 (4.88 eV) and Salama et al.39 (4.80 eV) are also very close with our
obtained screened parameter value, while the MI peak obtained using standard parameter
is little bit on the higher side compared to the experimental results.
After that Halasinski et al.40 report a peak at 5.78 eV, while Clar et al.1 report one at
5.65 eV. Our screened parameter peak at 5.71 eV is in excellent agreement with Halasinski
et al.40, while the standard parameter peak at 5.59 eV, is in very good agreement with the
peak reported by Clar et al.1.
Next experimental peak located at 6.62 eV, reported by Klevens et al.35, is in good
agreement with our screened parameter peak computed at 6.74 eV. The highest measured
peak located at 6.99 eV, reported by Klevens et al.35 is in excellent agreement with the
peaks obtained both from screened and standard parameter calculations at 7.05 eV and 6.96
eV, respectively. Furthermore, we have computed several higher energy peaks as well, for
which no experimental results exist. We hope that in future measurements of the absorption
spectrum of phenanthrene, energy range beyond 7 eV will be explored.
Dutta and Mazumdar48,49 studied the ground state of metal-intercalated crystalline
phenanthrene using both ab initio density functional theory (DFT), and PPP model based
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approaches, with the aim of understanding the nature of superconductivity in these ma-
terials. Parac et al.36 have computed the absorption spectra of phenanthrene using time-
dependent DFT (TDDFT) and time-dependent PPP (TDPPP) method, while Malloci et
al.37 have computed the same using DFT and TDDFT method. By using PPP model at
the singles-CI level, Skancke et al. and Hedges et al. have also computed the absorption
spectra of phenanthrene. We present the results of these authors in Table III, from where it
is obvious that their calculated peak locations lie in a broad spectral range. Given the fact
that peaks measured by various experiments also lie in a broad spectral range, the agreement
between these theoretical results and experiments is quite reasonable. The detailed wave
function analysis of all the excited states contributing to peaks in the computed spectra of
phenanthrene, is presented in Tables S1-S2 of Supporting Information.
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Table III: Comparison of computed peak locations in the spectra of phenanthrene with the
experimental, and other theoretical values; all energies are in eV. Columns with headings
Scr/Std contain results of calculations performed using the screened/standard parameters
in the PPP model. MI denotes the peak of maximum intensity, OG denotes the peak
corresponding to the optical gap, and D.F. indicates the dipole forbidden sate.
Experimental
Theoretical This Work
(other authors) Scr Std
3.5035(D.F.), 3.5712(D.F.), 3.65a/3.82b/3.97c(D.F.)36, 2.96 (1A1) 3.35 (1A1)
3.591(D.F.), 3.6139(D.F.), 4.0141(D.F.), 4.2243(D.F.) (D.F.) (D.F.)
4.0935(OG), 4.1712(OG), 3.91a/4.21c/4.34b36(OG),
4.31 (1B1) 4.26 (1B1)
4.241,38(OG), 4.2539(OG), 4.19c/4.67d37,42(OG),
4.3640(OG), 4.3641(OG), 4.6043(OG), (OG) (OG)
4.3412,
4.4239, 4.4412,
— 4.62 (1A1) —4.5340, 4.5639,
4.6440(MI),
4.8039(MI) , 4.931(MI),
—
4.93 (1B1)
5.19
4.8835(MI), 5.1040, (1A1/1B1)
5.2740, (MI) (MI)
5.651, 5.7840 , 5.4543, 5.4742(MI), 5.71
5.59 (1A1)
5.8435, 5.5241,5.8941(MI), (1A1/1B1)
— 6.0142, 6.2541, 6.07 (1B1) 6.10 (1B1)
— 6.3842, 6.49 (1A1) 6.40 (1B1)
6.6235 6.7242, 6.7542, 6.74 (1B1) —
6.9935 6.9041, 7.3942, 7.05 (1A1) 6.96 (1A1/1B1)
aTDDFT(BP86) method, bTDPPP method,
cTDDFT(B3LYP) method and dDFT(Kohan-Sham) method
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Chrysene
Chrysene has C2h symmetry, and Okamoto et al.12, Klevens et al.35, Clar et al.1 and
Becker et al.44 have reported the measurements of its absorption spectrum. In Fig. 3 (a)
and (b), we present our calculated spectra using the screened and standard parameters,
respectively, within the PPP-CI approach, and in Table IV, we have compared the experi-
mental peak locations with our results, and those of other theoretical calculations. The first
peaks observed experimentally by Klevens et al.35, Okomoto et al.12, Becker et al.44 and
Clar et al.1 are located at 3.40 eV, 3.42 eV, 3.43 eV, and 3.44 eV respectively, and again
correspond to a dipole forbidden (D.F.) state. Using the standard parameters, we obtain the
D.F. state at 3.33 eV, which agrees well with the measured values. The screened parameter
value computed at 3.11 eV, is slightly lower as compared to the experimental values. Both
screened and standard parameter calculation predict the D.F. state to be of 1Bu symmetry,
in agreement with the work of Skancke41.
The intensity of the first dipole allowed peak, corresponding to the optical gap, was not
found to be maximum in our calculated spectra. This result is in perfect agreement with
the measurements of Klevens et al.35, Okamoto et al.12, Becker et al.44 and Clar et al.1, and
in disagreement with the results of the TB model. Our calculations predict this peak at
3.86 eV using screened parameters, and 3.96 eV using standard parameters. As is obvious
from Table III, the experimental values of the optical gap range from 3.74 eV to 3.89 eV,
implying that both the calculated values of optical gap are quite close to the experimental
values. In particular, we also note that the Okamoto et al.12 and Becker et al.44 reported the
values of optical gap at 3.84 eV, and 3.87 eV, respectively, almost in perfect agreement with
our screened parameter value 3.86 eV. The standard parameter value of 3.96 eV is slightly
higher than the highest measured value 3.89 eV by Mallory et al.45 and Clar et al.1.
The second peak is the most intense (MI) peak in our calculated spectrum for both the
screened and the standard parameters, and is located at 4.52 eV, and 5.08 eV, respectively.
Okamoto et al.12 experimentally measured the most intense peak at 4.54 eV which almost
exactly matches with our screened parameter value. The reported value of MI peak by
Klevens et al.35 (4.61 eV), Becker et al.44 (4.63 eV), and Clar et al.1 (4.64 eV) are slightly
higher than the screened parameter value, while the standard parameter result is significantly
higher than the experimental values.
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As far as higher energy peaks are concerned, Klevens et al.35, and Becker et al.44 found
a peak at 5.13 eV, and, Clar et al.1 found one at 5.14 eV. In our computed spectra, we have
a peak at 5.09 eV using screened parameters, and 5.08 eV using standard parameters, both
of which are in good agreement with experiments. After that, in our standard parameter
spectrum we have a peak at 5.76 eV, which is in very good agreement with the 5.71 eV peak
detected by Becker et al.44, while the screened parameter peak at 5.81 eV is somewhat higher
as compared to the experiments. Next experimental peak located at 6.36 eV, reported by
Klevens et al.35, is in perfect agreement with our standard parameter peak computed at 6.38
eV. We have a screened parameter peak at 6.52 eV which is in reasonable agreement with a
peak at 6.43 eV, measured by Becker et al.44. The highest measured peak located at 6.73 eV
reported by Klevens et al.35 is at a slightly lower energy as compared to the corresponding
screened parameter peak at 6.86 eV. Furthermore, we have computed several higher energy
peaks as well, for which no experimental results exist. We hope that in future measurements
of the absorption spectrum of chrysene, in higher energy range will be probed.
First principles TDDFT method was employed to calculate the absorption spectrum by
Parac et al.36 and Malloci et al.37. Malloci et al.37 also computed the absorption spectrum
using the first principles DFT. Additionally, PPP model based calculations were performed
by Parac et al.36, Skancke et al.41, Ham et al.46 and Hedges et al.43.
The predictions on the location of D.F. state by other authors are in a broad energy
range 3.48-4.13 eV36,41,43,46, while the experimental values are in a very narrow range 3.40-
3.44 eV1,12,35,44. This means that most of the calculations of other authors overestimate the
experimental results. Regarding the optical gap, calculations of other authors predict it in
the range 3.40-4.22 eV, while the experimental values are in the range 3.74-3.89 eV, implying
that most other calculations either underestimate or overestimate the experimental values.
But we note that the optical gaps computed using the TDDFT approach with B3LYP func-
tional by Parac et al.36, and Malloci et al.37, are in good agreement with experiments. As far
as the location of MI peak is concerned, results of other authors are either below, or signif-
icantly above the experimental value. The wave function of the excited states contributing
to peaks in the computed spectra of chrysene, are presented in Tables S3-S4 of Supporting
Information.
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Table IV: Comparison of computed peak locations in the spectra of chrysene with the exper-
imental values, and other theoretical values; all energies are in eV. Rest of the information
is same as in the caption of Table III.
Experimental
Theoretical This Work
(other authors) Scr Std
3.4035(D.F.), 3.4212(D.F.), 3.48a/3.62b/3.75c36(D.F.),
3.11 (1Bu) 3.33 (1Bu)
3.4344(D.F.), 3.441(D.F.) 3.4746(D.F.), 4.1043(D.F.)
4.1341(D.F.), (D.F.) (D.F.)
3.7435(OG), 3.8412(OG), 3.40a/3.92b/3.82c36(OG),
3.86 (1Bu) 3.96 (1Bu)3.8744(OG), 3.73c/4.21d37,42(OG)
3.891,45(OG), 3.9046(OG), 4.1341(OG),
4.2243(OG) (OG) (OG)
4.0012, 4.1712 — — —
4.5412(MI),4.6135 (MI),
4.2641,42
4.52 (1Bu)
—4.6344(MI), 4.641(MI),
4.7112 (MI)
5.1335,44, 5.141,
4.8442(MI), 4.9346,
5.09 (1Bu)
5.08 (1Bu)
5.3546, 5.3943,
5.4743 (MI)
5.5944, 5.6535, 5.4342, 5.4841,
5.81 (1Bu) 5.76 (1Bu)
5.7144 5.7541 (MI),
— 6.1342 6.00 (1Bu) —
6.3635, 6.4344 6.3641 6.52 (1Bu) 6.38 (1Bu)
6.7335 6.9942 6.86 (1Bu) 7.17 (1Bu)
— 7.3241, 7.32 (1Bu) 7.37 (1Bu)
aTDDFT(BP86) method, bTDPPP method,
cTDDFT(B3LYP) method and dDFT(Kohan-Sham) method
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Picene
Picene has C2v symmetry, and Okamoto et al.12, Clar et al.1 and Fanetti et al.47 have
reported the measurements of its absorption spectrum. In Fig. 3 (a) and (b), we present
our calculated spectra using the screened and standard parameters, respectively, within the
PPP-CI approach, and in Table V, we have compared the locations of various peaks obtained
in our calculations with the experimental results, and other theoretical results. The first
peak corresponding to the dipole forbidden (D.F.) state was measured to be at 3.30 eV
by Okomoto et al.,12 and Clar et al.1, while Fanetti et al.47 measured it at 3.31 eV. Our
standard parameter calculation predicts the D.F. state at 3.33 eV, in excellent agreement
with the experiments, while the screened parameter value at 3.20 eV is slightly lower than
the experiments. Both sets of calculations predict the D.F. state to be of 1A1 symmetry.
The first dipole allowed state is computed to be of 1B1 symmetry, and leads to fairly
intense absorption peaks located at 3.75 eV in the screened parameter spectrum, and 3.88
eV in the standard parameter spectrum. As it is obvious from Table III, the experimental
values of the optical gap range from 3.76 eV to 3.82 eV. Thus, we find that both our screened
and standard parameter of optical gap are quite close to the range of experimental values.
We also note that the Okamoto et al.12 and Mallory et al.45 reported the value of optical
gap at 3.76 eV, and the Clar et al.1 reported it at 3.77 eV, in excellent agreement with our
screened parameter value. While our standard parameter value 3.88 eV agrees well with the
optical gap value 3.82 eV, measured by Fanetti et al.47. Furthermore, our calculation predict
that this peak is not the most intense one, in disagreement with the TB model results, and
in complete agreement with the experiments1,12,47.
As far as higher energy peaks are concerned, our screened parameter spectrum has a peak
at 4.54 eV which is in very good agreement with a peak at 4.57 eV measured by Fanetti et
al.47. The next peaks which are the most intense (MI) ones in our calculated spectra using
both screened and standard parameters, are located at 4.87 eV and 4.79 eV, respectively.
Okamoto et al.12 measured a peak at 4.75 eV, which is in very good agreement with the
location of our standard parameter peak. A peak measured at 4.85 eV by Fanetti et al.47 is
in excellent agreement with the energy of our screened parameter peak.
Our calculated peaks at 5.22 eV (screened) and 5.24 eV (standard) are the nearest peaks
to the highest measured peak at 5.08 eV reported by Fanetti et al.47. Additionally, we have
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computed several higher energy peaks as well, for which no experimental results exist. We
hope that in future measurements of the absorption spectrum of picene, energy range beyond
5 eV will be explored.
The measured experimental value of D.F. state are in very tight energy range 3.30-3.31
eV1,12,45,47, while the D.F. state calculated by other authors lie in a broad spectral range
3.18-4.33 eV36,37,43. As far as optical gap is concerned, the computed values of other authors
are in the range of 3.32-4.13 eV, while the experimental values are in the range 3.76-3.82
eV. Therefore, both for D.F. state and optical gap several other calculations have either
underestimated or overestimated the data. But we note that Parac and Grimme36 have
obtained the optical gap value at 3.72 eV using TDDFT method which is in good agreement
with experimental value 3.76 eV. They have also calculated the optical gap value using
TDPPP method, which is also in good agreement with the experimental results. The detailed
analysis of wave functions of the excited states contributing to peaks in the calculated spectra
of picene, is presented in Tables S5-S6 of Supporting Information.
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Table V: Comparison of computed peak locations in the spectra of picene with the experi-
mental values, and other theoretical values; all energies are in eV. Rest of the information
is same as in the caption of Table III.
Experimental
Theoretical This Work
(other authors) Scr Std
3.301,12(D.F.), 3.18a/3.49b/3.56c36(D.F.),
3.20 (1A1)(D.F.) 3.33 (1A1)(D.F.)
3.3147(D.F.) 4.3343(D.F.)
3.7612,45(OG), 3.32a/3.83b/3.72c36(OG),
3.75 (1B1)(OG) 3.88 (1B1)(OG)3.771(OG), 3.8247(OG), 3.70c/4.19d37(OG),
4.1343(OG),
3.9312, 3.9847,
— — —
4.0612, 4.1347,
4.26(MI)12, 4.321(MI),
— 4.54 (1A1) —4.3947(MI), 4.4512,
4.5747,
4.7247, 4.7512,
—
4.87(MI) 4.79(MI)
4.8547 , (1A1/1B1) (1A1/1B1)
5.0847 5.1343, 5.2243 5.22 (1B1) 5.24 (1A1)
aTDDFT(BP86) method, bTDPPP method,
cTDDFT(B3LYP) method and dDFT(Kohan-Sham) method
Fulminene
Fulminene has C2h symmetry, and Okamoto et al.5,12 and Mallory et al.45 have measured
the absorption in fulminene. In Fig. 3 (a) and (b), we present our calculated spectra
using the screened and standard parameters, respectively, within the PPP-CI approach, and
in Table VI, we have compared the experimental results, and theoretical results of other
authors, with our calculations. The detailed wave functions analysis of all the excited states
contributing to peaks in the computed spectra of fulminene, is presented in Tables S7-S8 of
Supporting Information.
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The first peak observed experimentally by Okomoto et al.12 is located at 3.24 eV, and it
corresponds to a dipole forbidden (D.F.) state. Both our standard parameter and screened
parameter calculations predict the symmetry of this state to be 1Bu, and located at 3.07
eV, and 2.86 eV, respectively. This implies that our calculated locations of the D.F. state
are lower than the experimental value, with the screened parameter value being significnatly
lower.
The first dipole allowed peak, corresponding to the optical gap, was measured to be at 3.14
eV for the thin film sample by Okamoto et al.5, and 3.65 eV, and 3.66 eV for the solution
sample, by Okamoto et al.5, and Mallory et al.45, respectively. Our screened parameter
calculations predict the optical gap to be 3.34 eV, which is closer to the measured value of
thin film sample, while our standard parameter value at 3.52 eV is closer to the solution
based sample. This is understandable on physical grounds because, in thin films, electron
correlations may be getting screened due to presence of other molecules, an effect screened
parameters may be mimicking. We also note that intensity of the first dipole allowed peak
is not maximum when compared to other peaks, in agreement with the measurements of the
Okamoto et al.5.
As far as higher energy features are concerned, our screened parameter spectrum has
a peak at 4.01 eV, which is in good agreement with the peaks measured at 3.95 eV12,
and 4.08 eV5, in solution, and thin film, based samples, respectively. The next peak is
the most intense (MI) one in our calculated spectrum for the both screened and standard
parameters, located at 4.37 eV, and 4.54 eV, respectively. In solution based spectrum the
most intense peak lies at 4.17 eV12 which is closer to the screened parameter value, than
the standard one. Furthermore, we have computed several higher energy peaks as well, for
which no experimental results exist. We hope that in future measurements of the absorption
spectrum of fulminene, the energy range beyond 5 eV will be explored.
The only other calculation on fulminene is by Malloci et al.37, who reported the values
of optical gap at 3.47 eV (TDDFT approach), and 4.00 eV (Kohn-Sham). The former value
is within the range of experimental measurements, while the latter is well above it.
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Table VI: Comparison of computed peak locations in the spectra of fulminene with the ex-
perimental values, and other theoretical values; all energies are in eV. Rest of the information
is same as in the caption of Table III.
Experimental
Theoretical This Work
(other authors) Scr Std
3.2412(D.F.) — 2.86 (1Bu)(D.F.) 3.07 (1Bu)(D.F.)
3.145(OG), 3.6512(OG),
3.47c/ 4.00d37(OG) 3.34 (1Bu)(OG) 3.52 (1Bu)(OG)
3.6645 (OG),
3.295, 3.445,
3.905, 3.8012,
— 4.01 (1Bu) —
3.9512, 4.085
4.1712(MI), 4.3612, 4.6612 — 4.37 (1Bu)(MI) 4.54 (1Bu)(MI)
cTDDFT(B3LYP) method and dDFT(Kohan-Sham) method
[7]Phenacene
[7]phenacene has C2v symmetry, and Okamoto et al.5, and Mallory et al.45 have reported
the measurements of its absorption spectrum. In Fig. 3 (a) and (b), we present our calcu-
lated spectra using the screened and standard parameters, respectively, within the PPP-CI
approach, and in Table VII, we have compared the experimental results, and theoretical
results of other authors, with our calculations. Analysis of the calculated CI wave functions
of the excited states contributing to the absorption spectra, is presented in Tables S9-S10
of Supporting Information.
Our calculations predict the dipole forbidden state to be of 1A1 symmetry, located at 2.96
eV(screened parameters) and 3.31 eV (standard parameters). Because no prior experimental
measurements of D.F. state are available for [7]phenacene, our results could be tested in
future experiments.
On comparing the relative intensity of first dipole allowed peak, corresponding to the opti-
cal gap, we find that it is not of maximum intensity, in agreement with the measurements5,45.
Our calculations predicts this peak at 3.34 eV (screened parameters), and at 3.68 eV (stan-
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dard parameters). We note that the Okamoto et al.5 reported the value of optical gap at
3.10 eV, which is closer to our screened parameter value, while our standard parameter value
is in very good agreement with 3.60 eV, measured by Mallory et al.45.
As far as higher energy peaks are concerned, our screened parameter spectra has a peak
at 3.88 eV which is in excellent agreement with the measured values 3.87 eV45, and 3.90 eV5.
The next peak is the most intense (MI) peak in our calculated spectrum located at 4.20 eV
(screened parameters) and 4.68 eV (standard parameters). Okamoto et al.5 and Mallory et
al.45 experimentally measured the most intense peak at 4.08 eV which is a little lower than
our screened parameter value. Furthermore, we have computed several higher energy peaks
as well, for which no experimental results exist. We hope that in future measurements of
the absorption spectrum of [7]phenacene, the energy range beyond 5 eV will be probed.
The only other calculation on [7]phenacene is by Malloci et al.37, who reported the values
of optical gap at 3.50 eV (TDDFT approach), and 4.00 eV (Kohn-Sham). The former value
is within the range of experimental measurements, while the latter is well above it.
Table VII: Comparison of computed peak locations in the spectra of [7]phenacene with
the experimental values , and other theoretical values; all energies are in eV. Rest of the
information is same as in the caption of Table III.
Experimental
Theoretical This Work
(other authors) Scr Std
— — 2.96 (1A1)(D.F.) 3.31 (1A1)(D.F.)
3.105(OG), 3.295,
3.50c/4.00d,37(OG),
3.34 (1B1) 3.68 (1B1)
3.445, 3.6045(OG), (OG) (OG)
3.8745, 3.905 — 3.88 (1A1) —
4.085,45 (MI) — 4.20 (1A1/1B1) (MI) 4.68 (1B1) (MI)
cTDDFT(B3LYP) method; dDFT(Kohan-Sham) method
[8]Phenacene
[8]phenacene has C2h symmetry, and Okamoto et al.5 have reported the measurement its
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absorption spectrum. In Fig. 3 (a) and (b), we present our calculated spectra using the
screened and standard parameters, respectively, within the PPP-CI approach, and in Table
VIII, we have compared the experimental results, with our calculations. In this molecule we
have calculated a dipole forbidden (D.F.) state of 1Bu symmetry, located at 2.84 eV with
screened parameters, and 3.13 eV with standard parameters. However, we are unable to
compare our results with the experiments, because no measurements of this state have been
performed so far.
In our calculated spectra, the first dipole allowed peak corresponding to the optical gap
is not the most intense peak of the spectrum, in full agreement with the experimental
measurements5. The calculated locations of this peak is 3.11 eV using screened parameters,
and 3.41 eV using standard parameters. We find that our screened parameter results are in
excellent agreement with the experimentally measured value of 3.08 eV5.
As far as higher energy peaks are concerned, our screened parameter spectrum has a
peak at 3.87 eV which is a bit higher than the measured peak at 3.64 eV5. The next peak
is the most intense (MI) peak in our calculated spectrum for the both screened as well as
standard parameters, and is located at 4.08 eV, and 4.48 eV, respectively. Okamoto et al.5
experimentally measured the most intense peak at 4.00 eV which is in very good agreement
with our screened parameter value. Furthermore, we have computed several higher energy
peaks as well, for which no experimental results exist. We hope that in future measurements
of the absorption spectrum of [8]phenacene, energy range beyond 4 eV will be explored.
Detailed information about the wave functions of the excited states contributing to peaks
in the computed spectra, can be obtained in Tables S11-S12 of Supporting Information.
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Table VIII: Comparison of computed peak locations in the spectra of [8]phenacene with the
experimental values; all energies are in eV. Rest of the information is same as in the caption
of Table III.
Experimental
This Work
Scr Std
— 2.84 (1Bu)(D.F.) 3.13 (1Bu)(D.F.)
3.085(OG), 3.265, 3.445 3.11(1Bu)(OG) 3.41 (1Bu)(OG)
3.645 3.87 (1Bu) —
4.005 (MI) 4.08 (1Bu)(MI) 4.48 (1Bu)(MI)
[9]Phenacene
[9]phenacene has C2v symmetry, and Shimo et al.11 have reported the measurement of
its absorption spectrum. In Fig. 3 (a) and (b), we present our calculated spectra using
the screened and standard parameters, respectively, within the PPP-CI approach, and in
Table IX, we have compared the experimental results, with our calculations. Additionally,
detailed information about the excited states contributing to peaks in the computed spectra
is presented in Tables S13-S14 of Supporting Information.
Our calculations locate a dipole forbidden (D.F.) state of 1A1 symmetry, at 2.92 eV, with
screened parameters, and at 3.29 eV with standard parameters. However, we are unable to
compare our results with the experiments, because no measurements of this state have been
performed so far.
In this molecule as well, our calculations predict that the first dipole-allowed peak corre-
sponding to the optical gap, is not the most intense peak of the spectrum, in full agreement
with the experiment,11 and in disagreement with the results of the TB model calculations.
As far as the value of optical gap is concerned, our calculations predict it to be 3.09 eV ob-
tained using the screened parameters, and 3.46 eV using the standard parameters. We note
that our screened parameter value is in very good agreement with the value 3.05 measured
by Shimo et al.11.
As far as higher energy peaks are concerned, our screened parameter spectrum has a peak
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at 3.54 eV, which is somewhat higher than 3.33 eV measured by Shimo et al.11. The most
intense (MI) peaks in our calculated spectra for screened as well as standard parameters are
located at 3.98 eV, and 5.0 eV, respectively. In the experimental spectrum of Shimo et al.11,
the intensity appears to increase monotonically in the region 3.60-4.00 eV, beyond which no
measurements exist. This implies that the maximum intensity peak is at an energy higher
than 4.00 eV, which we hope will be confirmed in future measurements. Furthermore, we
have computed several higher energy peaks as well, which we hope will also be verified in
future measurements beyond 4 eV. We are unable to compare our results with calculations
of other authors, because our calculations appear to be the first ones on this molecule.
Table IX: Comparison of computed peak locations in the spectra of [9]phenacene with the
experimental values; all energies are in eV. Rest of the information is same as in the caption
of Table III.
Experimental
This Work
Scr Std
— 2.92 (1A1)(D.F.) 3.29 (1A1)(D.F.)
3.0511(OG), 3.2211 3.09 (1B1)(OG) 3.46 (1B1)(OG)
3.3311 3.54 (1A1) —
— 3.98(1A1/1B1) (MI) —
— 4.38 (1A1) 4.21 (1A1/1B1)
— 4.8 (1A1/1B1) —
— 5.13 (1A1/1B1) 5.0 (1A1)(MI)
C. Comparison between Phenacenes and Polyacenes
As mentioned in the Introduction section, phenacenes and polyacenes are isomers, i.e.
they have same chemical formula but different structural arrangement. In polyacenes, ben-
zene rings are fused in a straight line and they belong to D2h point group. While, in
phenacenes, benzene rings are fused in a zig-zag manner, leading either to C2v or C2h sym-
metry. In an earlier work in our group, Sony et al.17 computed the absorption spectra
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of oligoacenes ranging from naphthalene to heptacene, and, later on Chakraborty et al.24
extended the work till decacene. In Table X we compare our calculated optical gaps for
isomers containing 3 to 9 benzene rings, and we find that irrespective of parameters used,
the optical gaps of [n]phenacenes are always larger than those of acene-n. We also note the
relative difference in the optical gaps of two set of compounds increases with the increasing
conjugation length. These facts are also verified in the optical absorption experiments on
phenacenes cited in the present work, as well those on acenes reviewed in our earlier work.17
Additionally, Roth et al.50 performed a comparative study of singlet states in two of the
smallest phenacenes (phenanthrene and chrysene), and acenes (anthracene and tetracene)
in the crystalline phase, using the electron-energy-loss spectroscopy (EELS), and concluded
that absorptions occur in acenes at much lower energies as compared to corresponding
phenacenes. This, combined with our theoretical calculations, suggests that the lowest sin-
glet excitations in both acene and phenacene molecular crystals are intramolecular in nature.
Thus, experimental and theoretical evidence suggests that as far as optoelectronic device
applications are concerned, phenacenes will be useful in higher frequency range, as compared
to oligoacenes.
Table X: Comparison of the optical gaps of phenacenes and oligoacenes, computed using the
PPP-CI approach.
Phenacenes Optical Oligoacenes Optical
(This work) gap (eV) (Sony et al.17 and Chakraborty et al.24) gap (eV)
Scr. Std. Scr. Std.
Phenanthrene 4.31 4.26 Anthracene17 3.55 3.66
Chrysene 3.86 3.96 Tetracene17 2.97 3.16
Picene 3.75 3.88 Pentacene17 2.65 2.86
Fulminene 3.34 3.52 Hexacene17 2.38 2.71
[7]Phenacene 3.34 3.68 Heptacene17 2.24 2.63
[8]Phenacene 3.11 3.41 Octacene24 1.49 2.24
[9]Phenacene 3.09 3.46 Nonacene24 1.46 1.82
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V. SUMMARY AND CONCLUSIONS
In this paper, we presented the results of our calculations of optical absorption spectra of
[n]phenacenes, with n =3-9. The calculation were performed using both the tight-binding,
and PPP models, and for the case of PPP model, electron correlation effects were taken
into account within the configuration-interaction approach. Our calculations reveal that
the inclusion of electron correlation effect is very important for the correct qualitative and
quantitative description of optical properties of these materials. For example, optical gaps
predicted by TB model are much smaller than their experimental values, and the predictions
of our PPP-CI calculations. We find our PPP-CI values of the optical gaps are generally in
very good agreement with the experimentally values. Furthermore, the TB model predicts
for all the molecules that the first dipole allowed peak corresponding the optical gap is the
most intense peak of the spectrum, in complete disagreement with the experiments, as well
as results of our PPP-CI calculations. Moreover, predictions of our PPP-CI calculations
on absorption peaks higher than the optical gap are also in very good agreement with the
experiments.
We also compared the calculated optical gaps of [n]phenacene with their isomeric
oligoacenes, and noted that gaps of [n]phenacenes are significantly larger. This is in agree-
ment not only with numerous optical absorption experiments performed on these molecules,
but also with a comparative EELS study of crystalline phenanthrene, chryesene, anthracene,
and tetracene.50 This further validates our theory, and also confirms that the lowest optical
excitations in these materials are intramolecular excitons. Furthermore, this suggests that
[n]phenacenes can have optoelectronic applications in the higher energy range.
In this paper, we have confined ourselves to the study of the optical properties of
[n]phenacenes for their ground states, i.e., in the singlet manifold. However, in these mate-
rials, triplet states, and their optics, are also very interesting, from the point of view of light
harvesting through the route of singlet fission, which we aim to study in future. We also plan
to explore the non-linear optical processes in phenacenes such as two-photon absorption, and
third-harmonic generation, in future works.
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2The following tables contain the excitation energies, dominant many-body wave functions, and transition dipole
matrix elements of excited states with respect to the ground state 11Ag for C2h, and 11A1 for C2v molecules. The
symbols H and L represent the highest occupied molecular orbital (HOMO), and the lowest unoccupied molecular
orbital (LUMO), respectively. Many-electron wave functions of various excited states are written as linear combi-
nations of configurations, and the magnitudes of their coefficients are included in parentheses next to them. The
configurations are expressed as single-, double-,..., excitations with respect to the closed-shell restricted-Hartree-Fock
(RHF) reference state, and the configurations are denoted using arrows from the occupied to unoccupied (virtual)
orbitals, representing a given n-particle excitation. The charge conjugate of a given configuration is abbreviated as
’c.c.’, while the sign (+/-) preceding ’c.c.’ indicates that the two coefficients have (same/opposite) signs. The symbol
D.F. denotes a dipole-forbidden state.
Table S1. Excited states giving rise to peaks in the singlet linear absorption spectrum of phenanthrene, computed employing
the FCI approach along with the screened parameters in the PPP model Hamiltonian.
Peak State E (eV ) Transition Dominant Contributing
Dipole (Å) Configurations
D.F. 21A1 2.96 0 |H → L+ 1〉+c.c. (0.5564)
|H − 4→ L〉−c.c.(0.1076)
Ix 1
1B1 4.31 1.2393 |H → L〉 (0.8858)
|H → L;H − 3→ L+ 3;H − 1→ L+ 1〉 (0.0974)
IIy 4
1A1 4.62 0.9969 |H → L+ 1〉−c.c.(0.6113)
|H − 1→ L;H − 1→ L〉−c.c.(0.0685)
IIIx 4
1B1 4.93 1.2645 |H − 1→ L+ 1〉 (0.8762)
|H→L;H − 4→ L+ 1;H − 1→ L+ 4〉 (0.0961)
IVx&y 9
1A1 5.69 0.7967 |H → L+ 2〉+c.c.(0.6138)
|H → L+ 2;H − 2→ L;H − 2→ L〉+c.c.(0.0735)
71B1 5.73 0.5869 |H − 2→ L+ 1〉−c.c.(0.4428)
|H → L+ 3〉−c.c.(0.4169)
Vx 9
1B1 6.07 0.3441 |H → L+ 3〉−c.c.(0.4480)
|H − 2→ L+ 1〉 (0.4168)
V Iy 13
1A1 6.49 0.5088 |H − 1→ L+ 3〉+c.c.(0.5910)
|H − 5→ L〉−c.c.(0.1210)
V IIx 13
1B1 6.74 0.4147 |H − 2→ L+ 2〉(0.6083)
|H → L;H → L+ 1〉−c.c.(0.2903)
V IIIy 19
1A1 7.05 0.8317 |H − 3→ L+ 2〉−c.c.(0.4896)
|H − 5→ L〉−c.c.(0.2192)
IXy 21
1A1 7.29 0.5774 |H − 5→ L〉−c.c.(0.4025)
|H − 4→ L+ 2〉−c.c.(0.2637)
Xx 24
1B1 7.89 0.3982 |H − 4→ L+ 3〉+c.c.(0.3087)
|H → L+ 6〉+c.c.(0.2655)
3Table S2. Excited states giving rise to peaks in the singlet linear absorption spectrum of phenanthrene, computed employing
the FCI approach along with the standard parameters in the PPP model Hamiltonian.
Peak State E (eV ) Transition Dominant Contributing
Dipole (Å) Configurations
D.F. 21A1 3.35 0 |H → L+ 1〉−c.c. (0.5841)
|H − 4→ L〉−c.c.(0.1411)
Ix 1
1B1 4.26 0.5925 |H → L〉 (0.7891)
|H − 1→ L+ 1〉 (0.4482)
IIx&y 4
1A1 5.15 0.7225 |H − 1→ L〉+c.c.(0.5233)
|H − 2→ L〉+c.c.(0.2926)
31B1 5.24 1.5046 |H − 1→ L+ 1〉 (0.7582)
|H → L〉 (0.4236)
IIIy 6
1A1 5.59 0.6815 |H − 2→ L〉+c.c.(0.4418)
|H − 1→L+ 3〉+c.c. (0.3183)
IVx 6
1B1 6.10 0.6860 |H − 1→ L+ 2〉+c.c.(0.3758)
|H → L+ 3〉+c.c.(0.3694)
Vx 8
1B1 6.40 0.6490 |H → L+ 3〉+c.c.(0.4615)
|H − 1→ L+ 2〉 +c.c.(0.3428)
V Ix&y 11
1A1 6.92 0.8429 |H − 3→ L+ 1〉+c.c.(0.4894)
|H − 2→ L〉+c.c.(0.3566)
121B1 7.01 0.4796 |H − 2→ L+ 2〉(0.5146)
|H → L;H − 1→ L〉+c.c.(0.2966)
V IIy 17
1A1 7.61 0.8929 |H − 2→ L+ 3〉+c.c.(0.4433)
|H − 5→ L〉+c.c.(0.3501)
V IIIx&y 17
1B1 7.92 0.2955 |H − 1→ L+ 5〉+c.c.(0.4961)
|H − 3→ L+ 3〉(0.3290)
201A1 7.95 0.5256 |H → L+ 5〉+c.c.(0.2192)
|H − 3→ L+ 2〉+c.c.(0.3894)
IXx 22
1B1 8.44 0.3042 |H − 4→ L+ 3〉+c.c.(0.3847)
|H → L;H − 5→ L+ 2〉−c.c.(0.2793)
4Table S3. Excited states giving rise to peaks in the singlet linear absorption spectrum of chrysene, computed employing the
QCI approach along with the screened parameters in the PPP model Hamiltonian.
Peak State E (eV ) Transition Dominant Contributing
Dipole (Å) Configurations
D.F. 11Bu 3.11 0 |H → L+ 1〉−c.c.(0.5658)
|H − 3→ L+ 2〉−c.c.(0.1241)
Ixy 2
1Bu 3.86 1.2820 |H → L〉 (0.8696)
|H − 1→ L+ 3;H → L;H − 3→ L+ 1〉 (0.0766)
IIxy 3
1Bu 4.52 1.7260 |H − 1→ L〉+c.c.(0.6034)
|H − 1→ L+ 1〉(0.0943)
IIIxy 6
1Bu 5.09 1.2047 |H − 1→ L+ 1〉 (0.8551)
|H − 2→L+ 2〉 (0.0961)
IVxy 10
1Bu 5.81 0.4623 |H − 2→L+ 2〉 (0.7226)
|H − 4→ L〉−c.c.(0.2905)
Vxy 11
1Bu 6.00 0.5548 |H − 4→ L〉−c.c.(0.5240)
|H − 2→L+ 2〉 (0.4171)
V Ixy 16
1Bu 6.52 0.9847 |H − 2→ L+ 3〉+c.c.(0.4430)
|H → L+ 6〉−c.c.(0.3047)
V IIxy 18
1Bu 6.86 0.7404 |H − 6→ L〉−c.c.(0.4225)
|H − 4→ L+ 1〉−c.c.(0.2418)
V IIIxy 25
1Bu 7.32 0.4887 |H → L;H → L+ 2〉+c.c.(0.3914)
|H − 2→ L+ 5〉−c.c.(0.2675)
IXxy 33
1Bu 7.67 0.7292 |H − 4→ L+ 4〉(0.7372)
|H − 6→ L+ 1〉−c.c.(0.2196)
Xxy 73
1Bu 9.17 0.2519 |H − 5→ L+ 5〉(0.3179)
|H − 1→ L+ 1;H − 3→ L〉+c.c. (0.2204)
5Table S4. Excited states giving rise to peaks in the singlet linear absorption spectrum of chrysene, computed employing the
QCI approach along with the standard parameters in the PPP model Hamiltonian.
Peak State E (eV ) Transition Dominant Contributing
Dipole (Å) Configurations
D.F. 11Bu 3.33 0 |H → L+ 1〉+c.c.(0.5783)
|H − 3→ L+ 2〉+c.c.(0.1720)
Ixy 2
1Bu 3.96 0.9099 |H → L〉 (0.8292)
|H − 1→ L+ 1〉 (0.3102)
IIxy 4
1Bu 5.08 1.8681 |H → L+ 1〉−c.c.(0.5097)
|H − 1→ L+ 1〉 (0.4207)
IIIxy 7
1Bu 5.76 0.7572 |H − 4→ L〉+c.c. (0.5074)
|H − 2→ L+ 2〉 (0.4020)
IVxy 10
1Bu 6.38 0.7052 |H − 2→ L+ 2〉 (0.6623)
|H → L+ 4〉−c.c.(0.2435)
Vxy 16
1Bu 7.17 0.9055 |H − 2→ L+ 3〉−c.c.(0.3478)
|H − 3→ L+ 3〉 (0.3264)
V Ixy 18
1Bu 7.37 0.9251 |H − 3→ L+ 3〉 (0.3248)
|H − 2→ L+ 3〉−c.c.(0.3071)
V IIxy 23
1Bu 7.77 0.4254 |H → L;H − 2→ L+ 1〉−c.c.(0.3096)
|H − 1→ L;H − 2→ L〉+c.c.(0.2059)
V IIIxy 27
1Bu 8.02 0.7196 |H − 3→ L+ 3〉 (0.3120)
|H − 5→ L+ 2〉+c.c.(0.2905)
IXxy 31
1Bu 8.25 0.5931 |H − 4→ L+ 4〉 (0.5396)
|H − 3→ L+ 3〉 (0.2552)
6Table S5. Excited states giving rise to peaks in the singlet linear absorption spectrum of picene, computed employing the QCI
approach along with the screened parameters in the PPP model Hamiltonian.
Peak State E (eV ) Transition Dominant Contributing
Dipole (Å) Configurations
D.F. 21A1 3.20 0 |H → L+ 1〉−c.c. (0.5072)
|H → L+ 2〉−c.c.(0.2177)
Ix 1
1B1 3.75 1.7007 |H → L〉 (0.8521)
|H → L;H − 3→ L+ 1;H − 1→ L+ 3〉 (0.0651)
IIy 5
1A1 4.54 1.0400 |H → L+ 1〉+c.c.(0.6003)
|H − 1→ L;H − 1→ L〉−c.c.(0.0551)
IIIx&y 4
1B1 4.82 1.4373 |H − 1→ L+ 1〉 (0.8198)
|H − 1→ L+ 2〉+c.c. (0.1822)
61A1 4.93 0.5873 |H − 2→ L〉+c.c.(0.5937)
|H − 2→ L+ 3〉−c.c.(0.0629)
IVx 7
1B1 5.22 1.0175 |H − 1→ L+ 2〉+c.c. (0.4406)
|H → L+ 3〉−c.c. (0.3649)
Vy 13
1A1 5.74 0.4401 |H − 3→ L+ 1〉−c.c.(0.5848)
|H → L+ 5〉−c.c. (0.0920)
V Iy 18
1A1 6.10 0.2605 |H − 2→ L+ 3〉−c.c.(0.4709)
|H → L+ 5〉−c.c. (0.2813)
V IIy 20
1A1 6.30 0.4091 |H − 5→ L〉−c.c.(0.4288)
|H − 4→ L+ 1〉−c.c.(0.3685)
V IIIy 27
1A1 6.63 1.0247 |H − 2→ L+ 4〉−c.c.(0.4783)
|H → L+ 6〉−c.c.(0.2426)
IXx 26
1B1 6.93 0.4734 |H − 3→ L+ 4〉+c.c.(0.4192)
|H − 1→ L+ 6〉−c.c.(0.2947)
Xx 30
1B1 7.11 0.4116 |H → L;H − 2→ L〉+c.c.(0.3626)
|H − 4→ L+ 3〉+c.c.(0.1620)
XIy 40
1A1 7.39 0.9253 |H − 3→ L+ 5〉+c.c.(0.5120)
|H − 2→ L+ 7〉+c.c.(0.1536)
XIIy 52
1A1 7.74 0.3322 |H − 4→ L+ 5〉+c.c.(0.2751)
|H − 3→ L+ 6〉+c.c.(0.2615)
7Table S6. Excited states giving rise to peaks in the singlet linear absorption spectrum of picene, computed employing the QCI
approach along with the standard parameters in the PPP model Hamiltonian.
Peak State E (eV ) Transition Dominant Contributing
Dipole (Å) Configurations
D.F. 21A1 3.33 0 |H → L+ 1〉+c.c. (0.5280)
|H → L+ 2〉−c.c.(0.1878)
Ix 1
1B1 3.88 1.1982 |H → L〉 (0.8100)
|H − 1→ L+ 1〉 (0.2910)
IIx&y 5
1A1 4.67 0.4799 |H → L+ 1〉−c.c.(0.4195)
|H − 2→ L〉+c.c.(0.3711)
41B1 4.91 1.8167 |H − 1→ L+ 1〉 (0.7560)
|H → L〉 (0.2986)
IIIy 6
1A1 5.24 0.9225 |H → L+ 1〉−c.c.(0.4077)
|H → L+ 2〉+c.c. (0.3760)
IVx 6
1B1 5.41 0.6892 |H → L+ 3〉+c.c.(0.3891)
|H − 1→ L+ 2〉−c.c.(0.2760)
Vx&y 8
1B1 5.76 0.6984 |H − 2→ L+ 1〉−c.c.(0.4732)
|H − 2→ L+ 2〉 (0.2833)
101A1 5.80 0.2939 |H − 3→ L+ 1〉−c.c.(0.4509)
|H − 5→ L〉−c.c.(0.2403)
V Ix 11
1B1 6.18 0.6023 |H − 2→ L+ 2〉 (0.2833)
|H → L+ 4〉−c.c.(0.2136)
V IIy 19
1A1 6.70 0.6771 |H − 2→ L+ 4〉−c.c.(0.3927)
|H − 6→ L〉−c.c.(0.2659)
V IIIx&y 28A1 7.40 0.6738 |H − 1→ L+ 7〉−c.c.(0.4362)
|H → L+ 1;H → L+ 1〉−c.c.(0.2439)
271B1 7.46 0.4659 |H − 3→ L+ 4〉−c.c.(0.3566)
|H − 6→ L+ 1〉−c.c.(0.2359)
IXy 36
1A1 7.79 1.0850 |H − 5→ L+ 3〉−c.c.(0.2918)
|H → L+ 1;H → L+ 1〉−c.c.(0.1880)
Xy 48
1A1 8.26 0.3955 |H → L+ 1;H − 2→ L〉+c.c.(0.2294)
|H − 4→ L+ 5〉+c.c.(0.2239)
8Table S7. Excited states giving rise to peaks in the singlet linear absorption spectrum of fulminene, computed employing the
MRSDCI approach along with the screened parameters in the PPP model Hamiltonian.
Peak State E (eV ) Transition Dominant Contributing
Dipole (Å) Configurations
D.F. 11Bu 2.86 0 |H → L+ 1〉−c.c.(0.5642)
|H − 3→ L+ 2〉−c.c.(0.2027)
Ixy 2
1Bu 3.34 1.7446 |H → L〉 (0.8729)
|H → L+ 1〉+c.c. (0.0530)
IIxy 4
1Bu 4.01 1.6754 |H → L+ 1〉+c.c. (0.5903)
|H − 1→ L+ 1〉(0.1899)
IIIxy 6
1Bu 4.37 1.6424 |H − 1→ L+ 1〉 (0.8283)
|H → L+ 1〉+c.c. (0.1359)
IVxy 15
1Bu 5.39 0.9582 |H − 3→ L+ 2〉+c.c. (0.5642)
|H − 1→ L+ 4〉+c.c. (0.2027)
Vxy 23
1Bu 6.09 0.9477 |H − 4→ L+ 4〉(0.4851)
|H − 3→L+ 3〉 (0.4434)
V Ixy 38
1Bu 6.79 0.9639 |H − 3→ L+ 5〉+c.c.(0.5146)
|H − 2→ L+ 8〉+c.c.(0.1993)
V IIxy 42
1Bu 6.94 0.9091 |H − 4→ L+ 6〉−c.c.(0.5326)
|H − 3→ L+ 5〉+c.c.(0.1373)
V IIIxy 51
1Bu 7.28 0.6122 |H − 5→ L+ 5〉(0.2875)
|H − 3→ L+ 8〉+c.c.(0.2258)
IXxy 77
1Bu 8.08 0.2669 |H − 6→ L+ 8〉−c.c.(0.3798)
|H − 9→ L+ 3〉−c.c.(0.1741)
9Table S8. Excited states giving rise to peaks in the singlet linear absorption spectrum of fulminene, computed employing the
MRSDCI approach along with the standard parameters in the PPP model Hamiltonian.
Peak State E (eV ) Transition Dominant Contributing
Dipole (Å) Configurations
D.F. 11Bu 3.07 0 |H → L+ 1〉+c.c.(0.5583)
|H − 3→ L+ 2〉−c.c.(0.1933)
Ixy 2
1Bu 3.52 1.3412 |H → L〉 (0.8026)
|H − 1→ L+ 1〉 (0.2694)
IIxy 5
1Bu 4.54 2.0679 |H − 1→ L+ 1〉 (0.6036)
|H → L+ 1〉−c.c.(0.3481)
IIIxy 6
1Bu 4.78 1.0719 |H − 1→ L+ 1〉 (0.4797)
|H → L+ 1〉−c.c.(0.3894)
IVxy 10
1Bu 5.59 0.7255 |H − 2→ L+ 2〉 (0.5363)
|H − 4→ L〉−c.c.(0.2679)
Vxy 12
1Bu 5.71 0.5968 |H − 4→ L+ 1〉+c.c.(0.4299)
|H − 3→ L+ 2〉+c.c. (0.1960)
V Ixy 15
1Bu 6.08 0.4820 |H − 6→ L〉+c.c. (0.4018)
|H − 2→ L+ 3〉+c.c.(0.2435)
V IIxy 20
1Bu 6.51 0.8451 |H − 2→ L+ 3〉+c.c.(0.3862)
|H − 7→ L〉−c.c.(0.2441)
V IIIxy 24
1Bu 6.94 0.6311 |H − 4→ L+ 4〉 (0.4070)
|H → L;H − 1→ L+ 2〉+c.c.(0.2076)
IXxy 38
1Bu 7.51 1.2652 |H − 4→ L+ 6〉 −c.c.(0.2621)
|H − 5→ L+ 3〉 −c.c.(0.2193)
Xxy 47
1Bu 7.86 0.7282 |H − 5→ L+ 3〉 −c.c.(0.2738)
|H − 9→ L+ 2〉+c.c. (0.1910)
10
Table S9. Excited states giving rise to peaks in the singlet linear absorption spectrum of [7]phenacene, computed employing
the MRSDCI approach along with the screened parameters in the PPP model Hamiltonian.
Peak State E (eV ) Transition Dominant Contributing
Dipole (Å) Configurations
D.F. 21A1 2.96 0 |H → L+ 1〉+c.c. (0.4042)
|H → L+ 2〉−c.c.(0.3904)
Ix 1
1B1 3.34 2.1261 |H → L〉 (0.8681)
|H − 2→ L+ 1〉 −c.c.(0.0451)
IIy 4
1A1 3.88 0.7493 |H − 1→ L〉−c.c.(0.6046)
|H − 2→ L〉+c.c.(0.0726)
IIIx&y 6
1A1 4.16 1.1036 |H → L+ 2〉 +c.c.(0.6003)
|H − 1→ L〉−c.c.(0.0639)
41B1 4.24 1.6175 |H − 1→ L+ 1〉 (0.6587)
|H − 1→ L+ 2〉 −c.c.(0.3677)
IVx 6
1B1 4.40 1.5693 |H − 1→ L+ 1〉 (0.5209)
|H − 2→ L+ 1〉 −c.c.(0.4345)
Vy 9
1A1 4.79 0.5063 |H − 1→ L+ 3〉−c.c.(0.5980)
|H − 3→ L+ 2〉+c.c. (0.0597)
V Iy 16
1A1 5.24 0.5600 |H − 5→ L〉+c.c.(0.4413)
|H − 4→ L+ 1〉+c.c. (0.2699)
V IIy 19
1A1 5.48 0.7462 |H − 2→ L+ 4〉−c.c.(0.5669)
|H − 1→ L+ 4〉+c.c.(0.1905)
V IIIx 24
1B1 5.85 0.8260 |H − 4→ L+ 3〉−c.c.(0.3825)
|H − 2→ L+ 5〉+c.c.(0.2944)
IXy 30
1A1 6.19 0.2079 |H − 3→ L+ 5〉+c.c.(0.4870)
|H − 7→ L+ 2〉−c.c.(0.1794)
Xy 39
1A1 6.51 0.1757 |H → L+ 1;H − 2→ L〉+c.c.(0.3221)
|H − 5→ L+ 4〉−c.c.(0.2550)
XIy 49
1A1 6.85 0.5517 |H − 2→ L+ 9〉+c.c.(0.3310)
|H − 4→ L+ 6〉−c.c.(0.3299)
XIIy 59
1A1 7.16 0.7976 |H − 3→ L+ 8〉−c.c.(0.3916)
|H → L+ 2;H → L+ 2〉−c.c.(0.2117)
XIIIy 68
1A1 7.41 0.8776 |H − 7→ L+ 5〉−c.c.(0.5621)
|H − 3→ L+ 8〉+c.c.(0.1321)
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Table S10. Excited states giving rise to peaks in the singlet linear absorption spectrum of [7]phenacene, computed employing
the MRSDCI approach along with the standard parameters in the PPP model Hamiltonian.
Peak State E (eV ) Transition Dominant Contributing
Dipole (Å) Configurations
D.F. 21A1 3.31 0 |H → L+ 1〉−c.c. (0.4320)
|H → L+ 2〉−c.c.(0.3321)
Ix 1
1B1 3.68 1.6182 |H → L〉 (0.7928)
|H − 1→ L+ 1〉 (0.2598)
IIx 4
1B1 4.67 2.0113 |H − 1→ L+ 1〉(0.6059)
|H → L〉(0.2720)
IIIx 5
1B1 4.85 1.2734 |H − 2→ L+ 1〉+c.c.(0.3754)
|H → L+ 3〉−c.c. (0.3499)
IVy 7
1A1 5.03 1.0665 |H − 2→ L〉+c.c.(0.4111)
|H → L+ 1〉+c.c.(0.3830)
Vx 9
1B1 5.53 0.7226 |H − 2→ L+ 2〉(0.3797)
|H − 3→ L〉−c.c. (0.3569)
V Ix 12
1B1 5.82 0.6301 |H → L+ 7〉 +c.c.(0.2910)
|H − 3→ L+ 3〉(0.2861)
V IIy 17
1A1 6.13 0.3527 |H − 6→ L〉+c.c.(0.2754)
|H − 3→ L+ 2〉−c.c.(0.2702)
V IIIx 26B1 6.86 0.6935 |H − 3→ L+ 2〉−c.c.(0.3139)
|H − 3→ L+ 3〉(0.2971)
IXx 32
1B1 7.36 0.4098 |H − 4→ L+ 4〉(0.2364)
|H − 2→ L+ 5〉+c.c.(0.2236)
Xy 45
1A1 7.62 0.8329 |H − 3→ L+ 5〉−c.c.(0.2471)
|H − 2→ L+ 7〉+c.c.(0.2383)
XIx&y 51
1A1 7.81 0.9191 |H − 2→ L;H − 1→ L〉+c.c.(0.2214)
|H − 1→ L+ 1;H − 1→ L+ 2〉+c.c.(0.1569)
471B1 7.82 0.2754 |H − 4→ L+ 10〉−c.c.(0.2035)
|H − 3→ L+ 9〉−c.c.(0.1882)
XIIy 59
1A1 8.04 0.5942 |H − 2→ L+ 9〉+c.c.(0.2214)
|H − 4→ L+ 8〉+c.c.(0.1927)
XIIIx&y 59
1B1 8.21 0.1863 |H − 1→ L;H − 1→ L+ 2〉+c.c.(0.2019)
|H − 6→ L;H → L〉+c.c.(0.1772)
701A1 8.29 0.6314 |H − 6→ L+ 4〉+c.c.(0.1781)
|H − 7→ L+ 5〉+c.c.(0.1619)
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Table S11. Excited states giving rise to peaks in the singlet linear absorption spectrum of [8]phenacene, computed employing
the MRSDCI approach along with the screened parameters in the PPP model Hamiltonian.
Peak State E (eV ) Transition Dominant Contributing
Dipole (Å) Configurations
D.F. 11Bu 2.84 0 |H − 2→ L〉+c.c.(0.5513)
|H − 1→ L+ 4〉+c.c.(0.1647)
Ixy 2
1Bu 3.11 2.3654 |H → L〉 (0.8595)
|H − 1→ L+ 1〉(0.0786)
IIxy 5
1Bu 3.87 1.7035 |H − 2→ L〉−c.c. (0.5887)
|H − 2→ L+ 2〉(0.1627)
IIIxy 6
1Bu 4.08 2.0870 |H − 1→ L+ 1〉 (0.6179)
|H − 2→ L+ 2〉(0.4974)
IVxy 14
1Bu 4.85 0.9955 |H − 1→ L+ 4〉−c.c. (0.4843)
|H − 2→ L+ 3〉−c.c. (0.2471)
Vxy 16
1Bu 5.11 0.5581 |H − 6→ L〉−c.c. (0.5412)
|H − 4→ L+ 1〉−c.c. (0.1975)
V Ixy 21
1Bu 5.41 0.6016 |H − 4→ L+ 4〉(0.4106)
|H − 1→ L+ 5〉−c.c.(0.3323)
V IIxy 32
1Bu 6.01 0.5398 |H − 5→ L+ 4〉+c.c.(0.3636)
|H − 10→ L〉+c.c.(0.2861)
V IIIxy 41
1Bu 6.34 0.9425 |H − 5→ L+ 5〉(0.3437)
|H − 3→ L+ 7〉−c.c.(0.3197)
IXxy 59
1Bu 6.89 0.2997 |H − 6→ L+ 6〉(0.6732)
|H − 8→ L+ 4〉−c.c.(0.2568)
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Table S12. Excited states giving rise to peaks in the singlet linear absorption spectrum of [8]phenacene, computed employing
the MRSDCI approach along with the standard parameters in the PPP model Hamiltonian.
Peak State E (eV ) Transition Dominant Contributing
Dipole (Å) Configurations
D.F. 11Bu 3.13 0 |H − 2→ L〉+c.c.(0.5307)
|H − 1→ L+ 4〉−c.c.(0.2166)
Ixy 2
1Bu 3.41 1.8097 |H → L〉 (0.7761)
|H − 1→ L+ 1〉 (0.2679)
IIxy 6
1Bu 4.48 2.1087 |H − 2→ L+ 2〉 (0.5421)
|H − 1→ L+ 1〉 (0.3357)
IIIxy 7
1Bu 4.83 1.1518 |H − 2→ L〉−c.c.(0.5209)
|H − 2→ L+ 2〉 (0.1769)
IVxy 10
1Bu 5.31 0.8186 |H − 1→ L+ 1〉 (0.4928)
|H − 5→ L+ 1〉+c.c.(0.2471)
Vxy 13
1Bu 5.56 0.5859 |H − 3→ L+ 2〉+c.c.(0.4626)
|H − 1→ L+ 4〉+c.c. (0.1995)
V Ixy 15
1Bu 5.78 0.4521 |H → L+ 6〉−c.c. (0.3747)
|H − 4→ L+ 1〉+c.c.(0.2556)
V IIxy 20
1Bu 6.11 0.4880 |H − 4→ L+ 4〉(0.2843)
|H − 7→ L〉+c.c.(0.2681)
V IIIxy 24
1Bu 6.42 0.9346 |H − 3→ L+ 3〉 (0.3694)
|H − 4→ L+ 1〉+c.c.(0.2390)
IXxy 28
1Bu 6.67 0.5440 |H − 3→ L+ 3〉 (0.3096)
|H − 7→ L+ 3〉 −c.c.(0.2249)
Xxy 35
1Bu 6.95 0.3307 |H → L;H − 1→ L+ 2〉 +c.c.(0.2572)
|H − 2→ L;H − 1→ L〉 −c.c.(0.1810)
XIxy 46
1Bu 7.46 0.8000 |H → L;H − 2→ L+ 1〉 +c.c.(0.3281)
|H − 2→ L+ 10〉−c.c. (0.1858)
XIIxy 55
1Bu 7.70 0.9130 |H → L+ 12〉 +c.c.(0.2608)
|H − 9→ L+ 2〉−c.c. (0.1819)
XIIIxy 65
1Bu 8.00 0.6714 |H − 6→ L+ 6〉 (0.2055)
|H − 12→ L+ 2〉−c.c. (0.2007)
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Table S13. Excited states giving rise to peaks in the singlet linear absorption spectrum of [9]phenacene, computed employing
the MRSDCI approach along with the screened parameters in the PPP model Hamiltonian.
Peak State E (eV ) Transition Dominant Contributing
Dipole (Å) Configurations
D.F. 21A1 2.92 0 |H − 2→ L〉+c.c. (0.5012)
|H − 1→ L〉−c.c.(0.2363)
Ix 1
1B1 3.09 2.5945 |H → L〉 (0.8565)
|H − 1→ L+ 1〉 (0.1066)
IIy 4
1A1 3.54 0.4135 |H − 1→ L〉+c.c.(0.6054)
|H → L+ 2〉−c.c.(0.0847)
IIIx&y 6
1A1 3.93 1.4858 |H → L+ 2〉 −c.c.(0.6020)
|H − 1→ L〉+c.c.(0.0819)
51B1 4.03 2.3516 |H − 2→ L+ 2〉 (0.4866)
|H − 2→ L+ 1〉 −c.c.(0.4712)
IVy 8
1A1 4.38 0.5180 |H − 1→ L+ 3〉 −c.c.(0.5832)
|H → L+ 5〉 −c.c.(0.1545)
Vx&y 12
1B1 4.79 0.3686 |H − 3→ L+ 3〉(0.6435)
|H − 5→ L+ 1〉−c.c. (0.3833)
151A1 4.81 0.7933 |H − 1→ L+ 4〉−c.c.(0.3961)
|H − 3→ L+ 2〉+c.c. (0.3058)
V Ix&y 19
1A1 5.07 0.5604 |H − 6→ L〉+c.c.(0.5404)
|H − 4→ L+ 1〉−c.c. (0.2207)
181B1 5.19 1.0923 |H − 3→ L+ 4〉+c.c.(0.4564)
|H − 5→ L+ 2〉+c.c.(0.2418)
V IIx&y 26
1B1 5.66 0.2907 |H − 9→ L〉−c.c.(0.4075)
|H − 4→ L+ 4〉(0.3971)
271A1 5.67 0.6196 |H − 1→ L+ 7〉−c.c.(0.3808)
|H → L+ 8〉+c.c.(0.2627)
V IIIx 29
1B1 5.86 0.5180 |H − 5→ L+ 5〉(0.4689)
|H − 3→ L+ 7〉(0.4018)
IXy 34
1A1 6.06 0.4973 |H − 9→ L+ 1〉−c.c.(0.3837)
|H − 3→ L+ 6〉−c.c.(0.3130)
Xx&y 40
1A1 6.34 0.8060 |H − 3→ L+ 8〉−c.c.(0.3787)
|H − 7→ L+ 5〉+c.c.(0.3593)
371B1 6.45 0.5350 |H − 6→ L+ 5〉−c.c.(0.5396)
|H − 4→ L+ 7〉+c.c.(0.2330)
XIy 49
1A1 6.78 0.6662 |H − 4→ L+ 8〉−c.c.(0.5761)
|H − 1→ L+ 12〉−c.c.(0.0844)
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Table S14. Excited states giving rise to peaks in the singlet linear absorption spectrum of [9]phenacene, computed employing
the MRSDCI approach along with the standard parameters in the PPP model Hamiltonian.
Peak State E (eV ) Transition Dominant Contributing
Dipole (Å) Configurations
D.F. 21A1 3.29 0 |H − 2→ L〉+c.c. (0.4580)
|H − 1→ L〉+c.c.(0.2550)
Ix 1
1B1 3.46 2.0333 |H → L〉 (0.7612)
|H − 1→ L+ 1〉 (0.2845)
IIx&y 3
1A1 3.94 0.2438 |H − 1→ L〉−c.c.(0.4823)
|H − 4→ L+ 2〉+c.c.(0.2080)
51B1 4.49 2.7822 |H − 2→ L+ 2〉(0.4861)
|H − 1→ L+ 2〉+c.c. (0.3834)
IIIy 8
1A1 5.00 1.1516 |H → L+ 2〉−c.c.(0.4766)
|H → L+ 1〉−c.c. (0.2847)
IVx&y 10
1A1 5.29 0.4078 |H − 3→ L+ 2〉−c.c.(0.3234)
|H − 4→ L+ 1〉+c.c.(0.2392)
111B1 5.33 0.8512 |H − 3→ L+ 3〉(0.3860)
|H − 3→ L〉+c.c.(0.2949)
Vy 13
1A1 5.72 0.4741 |H − 4→ L+ 2〉+c.c.(0.3411)
|H − 1→ L+ 7〉+c.c. (0.2605)
V Iy 16
1A1 5.90 0.3317 |H − 6→ L〉 −c.c.(0.3748)
|H − 4→ L+ 1〉+c.c.(0.2455)
V IIx 18
1B1 6.10 0.2600 |H − 4→ L+ 4〉(0.3439)
|H − 6→ L+ 2〉+c.c.(0.3067)
V IIIx&y 26
1B1 6.52 0.7464 |H − 5→ L+ 5〉(0.2853)
|H − 7→ L+ 7〉(0.2281)
261A1 6.58 0.6436 |H − 2→ L+ 7〉+c.c.(0.2655)
|H − 5→ L+ 7〉−c.c.(0.2052)
IXx&y 30
1A1 6.88 0.4052 |H − 9→ L+ 1〉−c.c.(0.2439)
|H − 13→ L〉+c.c.(0.2332)
331B1 7.01 0.2715 |H − 9→ L〉+c.c.(0.2300)
|H − 1→ L+ 6〉+c.c.(0.1954)
Xx&y 43
1B1 7.38 0.4384 |H − 5→ L+ 6〉−c.c.(0.2448)
|H − 7→ L〉−c.c.(0.2351)
421A1 7.41 0.5450 |H − 11→ L〉−c.c.(0.2639)
|H − 7→ L+ 5〉−c.c.(0.2150)
XIx&y 47
1B1 7.60 0.3654 |H → L+ 12〉−c.c.(0.2745)
|H − 7→ L+ 7〉(0.2376)
501A1 7.70 0.7497 |H → L+ 13〉+c.c.(0.2598)
|H − 7→ L+ 5〉−c.c.(0.1960)
